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1. Introduction
Aging population is one of the principal demographic and socioeconomic
problems of the contemporary world. The distinctive features of an aging population 
are decreasing total fertility rates and increasing life expectancy. With age, individual 
ability to work changes, which is primarily caused by deterioration of physical 
capacity, fitness, and some psychophysical function (perceptiveness, reaction time, 
sensory function). At the same time, older people more frequently tend to suffer from 
cardiovascular, respiratory, and musculoskeletal disorders as well as hormonal 
imbalance and metabolic disorders. On the other hand, job demands, unless a change 
of jobs occurs, usually remain the same regardless of the worker's age, as a result of 
which the actual workload may in fact increase with age [Bugajska, Makowiec-
Dąbrowska, Wągrowska-Koski, 2010, p. 55]. This compels employers to seek 
measures to counter the shrinkage of working-age population.  
In the era of Industry 4.0, enterprises strive to shift the burden of labor from human 
beings to automated machines and industrial robots – a solution which is still too 
expensive for businesses operating in Poland. According to the International 
Federation of Robotics [2018a], the global robot density in manufacturing in 2017 
was 85 units per 10 000 employees. By region, it took the highest value for Europe – 
106 units. For both Americas, it was 91, whereas for Asia – 75 units. Within Europe, 
Germany was the leader with 322 units per 10 000 workers. By comparison, in Poland 
the ratio is rather low: in 2016, it was a meager 32 units [2018b]. A rocketing rate 
of robot densification and automation of labor (frequently, rudimentary and not 
requiring specialized qualifications) entails a number of threats including increased 
social exclusion of the elderly and the disabled and further disadvantages them 
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economically. Another counter measure is to acquire workers in remote regions. 
Enterprises may also entice workers to continue their employment by offering them 
incentives and accommodating the workplace to the needs of more age-diverse 
workers. Therefore, it appears imperative that tried and trusted strategies be 
implemented to facilitate in an economically viable and technically consistent manner 
decision-making processes as regards the rationality of work systems organization 
and design, and the replaceability of the human being with the machine in aging 
populations. The article makes a point of the role of ergonomics as one of the 
components of age management policy in the organization. Based on the literature 
review, ergonomic methods are presented that can support organizational decision-
making strategies concerning age management including the replaceability of the 
human being with the machine in Industry 4.0.  
2. Definition of 'an older worker'
All human beings age but the process of aging is characterized by significant intra- 
and interindividual variability. What is meant by interindividual variability is that not 
all functions determining the ability to work deteriorate with age by the same degree, 
and therefore, declining work ability does not affect all areas of the working life. 
However, it is important to be mindful of the fact that the range of interindividual 
variability increases as people get older because they do not all age at the same rate 
[Ilmarinen, 2005]. Thus, it is difficult to pinpoint the age that would mark the onset of 
this process. Koradecka, Bugajska, Pawłowska [2007, pp. 2-6] draw attention to the 
life period in which age-related changes in individual psychophysical function may 
hinder job performance posing a risk to the health and welfare of the worker and of 
others. Bugajska, Makowiec-Dąbrowska, Konarska [2008], Barnett, Spoehr and 
Parnis  [2008] think that it would be reasonable to determine the so-called functional 
age by which age would be measured not only by reference to the number of years 
one has already lived but also by way of criteria to determine fitness and physical and 
psychological agility. It is worth remembering that human beings may exhibit features 
characteristic of several age groups at the same time depending on which criterion is 
used: chronological, biological, or psychological, where each determines their 
capacity for living and for working.  
The World Health Organization divided the age of older people into several 
groups. For economically active people, a group of workers of 'pre-elderly age' is 
singled out, workers 45 to 59 years of age, and a group of 'young elderly' - workers 
aged 60 to 74 [Duda, 2013].  Whereas in EU reports and publications, the threshold 
age most frequently referred to for older workers is 50. Workers older than that are 
defined as 50+. Similarly, in general, in Polish research and in publications, people 
aged 50 and over are considered older (e.g. Rysz-Kowalczyk and Szatur-Jaworska 
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[2007], Schimanek [2006]) or people aged 45 and over (e.g. Korzeniowska [2004, 
pp. 129-138], Urbaniak [2008]). As for publications concerning age management – 
Walker [1998], Naegele and Walker [2006], Taylor [2006] among others, they do not 
specify a threshold age above which workers should be subject to actions aimed at 
supporting their capacity for work. Only a general term 'older workers' is used, which 
appears to be a specific conceptual shortcut and may be construed as a designation of 
people whose productivity is relatively low due to age-related decline in physical 
and/or cognitive capacity or due to discrimination by the employer. Therefore, it is 
rather an oversimplification because not all older workers are less productive than 
younger ones. Support actions should not be directed at older people but at people 
whose productivity is limited due to age. Otherwise, they could be considered 
discriminatory treatment of younger workers and therefore, a violation of law. 
Moreover, it is often emphasized that age management policy (or at least some of its 
instruments) should include all employees regardless of their age, which means that it 
should have provisions that span over the entire working life of the worker (life course 
approach) [Taylor, 2006; Liwińki, Sztanderska, 2010].  
3. Global, European, and national demographic trends
The future of the economy and organizational management strategies are strongly
determined by population changes. Therefore, information concerning populations of 
young and older people will be very meaningful for investors, entrepreneurs, and 
managers.  
The UN projects that the global population will have risen from 7.3 billion to 9.8 
billion by 2050. More than half of that growth will be contributed to by Africa, whose 
population is projected to double and reach 2.5 billion. The most probable estimates 
based on the available data indicate that the world population may reach 11.2 billion 
2100 [Department of Economic and Social Affairs Population Division, 2017a]. 
Populations are getting older. Today's median age of 30 is expected to rise to 
36 in 2050 and 42 in 2100, whereas today, one fourth of the population of Europe is 
aged 60 and over [Department of Economic and Social Affairs Population Division. 
United Nations, 2017b]. The world working-age population is projected to grow by 
900 million in 2010-2030, which would mean a 20 percent increase. By comparison, 
the increase of 40% was recorded in the years 1990-2010. The annual rate of working-
age population growth dropped from the record level of 2.2% in 1985 to 1.1% in 2015, 
and is projected to fall to 0.7% in 2030. The number of working age persons in general 
is projected to decrease, although significant variation by region and by development 
group is expected. Dissimilarities in the growth rate of working age populations by 
country are mainly attributable to differences in the growth rate of the youth in 
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working-age populations, which reflects variation in the rate at which fertility rates 
decline [Lam, Leibbrandt, 2015, p. 2].  
Europe and China will experience declines in their working-age populations 
between 2010 and 2030, while many low-income African countries will have growth 
rates of over 2% per year [Lam, Leibbrandt, 2015, p.14]. For Europe, aging population 
is currently one of the gravest socioeconomic issues. The changes will primarily pose 
a challenge for national job markets because they may entail shrinking workforce and 
increased proportion of older persons in working-age populations. Furthermore, as 
follows from the European Commission forecasts [2011], the trend is expected to 
continue at least until 2060. The population in 2060 is indeed projected to be larger 
than in 2017, yet it will also be much older. Obviously, it is an oversimplification to 
take the number of people of a certain age as an indicator of workforce availability. 
Nevertheless, in the case of manual labor on an assembly line, in the warehouse, in 
construction, shortage of workers capable of manual labor is certain to pose a serious 
problem for employers [Butlewski, 2017, pp. 29-30]. 
The European Commission estimates [2011] that in 2060, there will be two 
working age persons per one person aged 65 and over (by comparison, in 2008 the 
old-age dependency ratio was 4 to 1), whereas the proportion of people aged 65 and 
older in the total population is projected to rise to 30% by 2060 in comparison to 
17.1% in 2008. As a result, fewer and fewer people will be entering the job market 
and it will become imperative to encourage older workers to remain in paid 
employment. Currently, potential older age human resources are used to a much lesser 
degree than they could actually be [Kołodziejczyk-Olczak, 2014, p. 20].  
The United States need not be concerned about human resources shortages, which 
puts the country in a much privileged position in comparison to other highly 
developed countries. The United States are unlikely to experience demography-
related problems that Japan and Western Europe are tackling any time soon 
[Kołodyński, 2012].  
Demographic prospects for Poland based on population projections do not diverge 
from the European trends. Poland should expect further steady population decline and 
significant changes in age distribution of its population (Figure 1). Poland finds itself 
at such a stage in its demographic development that even if the total fertility rate 
reached the replacement level fertility within a short time, the processes could not be 
reversed nor could population decline be halted. With the age distribution of its 
population so distorted, redressing demographic balance will be a slow process and 
will require consistent and sustainable action [Gross-Gołacka, 2018, p. 129]. By 2050, 
Poland will have become one of the European countries where the process of 
population aging will be the most advanced. It follows from the Eurostat forecasts for 
the 28 European Union states that by 2050 the total population of Poland will have 
decreased by close to 10%, whereas the total population of the EU-28 will have grown 
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by 3.6%. Poland will be one of the five oldest countries of the European Union, and 
will have the seventh largest percentage of population aged 65 and older. The process 
of population 'double' aging, the measure of which is the share of persons aged 80 and 
over in the total population, will proceed at a slower rate in Poland (Poland persistently 
lags behind other EU states as regards its mortality rates and life expectancy at birth), 
and in 2050, it is projected to have one of the smallest percentages [GUS, 2014, 
pp. 109-167].  
Fig. 1. Total population of Poland in 1950-2100 by age group 
Source: Department of Economic and Social Affairs Population Division, United Nations 
(2017), World Population Prospects 2017, New York, [online] https://popula-
tion.un.org/wpp/Graphs/DemographicProfiles/ date access: 11.08.2018. 
This demographic situation makes filling the gap left by the numerous birth 
cohorts of the 1950s and the first half of the 1960s gradually exiting the workforce the 
foremost challenge for many economies including Poland's [Gross-Gołacka, 2018, 
p. 133]. Aging workforce need not be – contrary to the mythicized belief – a burden
on the economy but may become a valuable knowledge and experience resource as
well as of increased purchasing power in the job market [Rudnicka, Surdej, 2013].
It is underscored in the literature that to manage the issue of the shrinking workforce
it is necessary to draw on hidden reserves by, among others, engaging older people in
the job market and building transgenerational singleness of purpose based on a high
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level of participation of all age groups. These ideas inspire age management in the 
organization [Gross-Gołacka, 2018, p. 133].  
4. Ergonomics and age management in enterprises
In the last 20 years, a growing interest in age management strategies has been
observed both at the level of European institutional structures as well as at the 
level of national policies of member states. The term 'age management' is defined 
by Walker [1997] as referring 'specifically to the various dimensions by which 
human resources are managed within organizations with an explicit focus on 
ageing and, also, more generally, to the overall management of workforce ageing 
via public policy or collective bargaining'.  
Walker [2005, pp. 685-697] points out five reasons why interest in age 
management systems has been growing: 
1. Aging European workforce.
2. The paradox observed in the job market that consists in the declining eco-
nomic activity of older persons in spite of an increasing share of this age group
in the total population.
3. Social policy mandatory requirements.
4. Employer initiatives.
5. The urge to prevent age discrimination in employment.
Over the last several years, many aspects of age management have been
codified on a number of occasions. One important example of such is 'Ageing in 
Employment: A Proposed European Code of Good Practice' developed by 
Eurolink Age in 2000 (Eurolink Age is an NGO which promotes the interests of 
older persons across the European Union) (Eurolink Age 2000). The Code 
provides a set of guidelines on good practices in age management, although 
whether an organization follows them or not is facultative for the organization. 
Recommended practices are grouped around the following seven aspects of age 
management: recruitment, training, development, and promotion; promotion and 
internal job change; flexible working practices and the modernization of work; 
workplace design and health promotion; employment exit and transition to 
retirement; changing attitudes toward older workers. 
A similar classification was proposed by Naegele and Walker [2006] who, in their 
guide to good practice in age management, distinguished the following seven 
domains: recruitment, learning, training and lifelong learning, career development, 
flexible working time arrangements, health protection and promotion, and workplace 
design, redeployment, employment exit and transition to retirement. This classifica-
tion is to a large extent consistent with the one specified in the Code of Good Practice. 
Admittedly, Naegele and Walker [2006] omitted to include change of attitudes toward 
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older workers in their guide yet it does not mean that they consider this type of actions 
non-essential. Quite the contrary, raising awareness of top management is regarded 
by them as the principal factor determining effective implementation of any activities 
related to age management [Liwiński, Sztanderska, 2010].  
Somewhat broader classification is employed by the European Foundation for the 
Improvement of Living and Working Conditions (EFILWC). In 1994-1998, the 
Foundation carried out the project 'Combating Age Barriers in Employment', under 
which activities undertaken by business organization in EU states to recruit or retain 
older workers were researched. According to the EFILCW, age management within 
organizations should include 11 areas of activities: recruitment; job changes; training 
and development; wage arrangements; health and well-being; flexible working 
practice; ergonomics and work organization; employment exit policy; comprehensive 
approach, and other policies [Ketsetzopoulou, 2007]. The catalogue is a compilation 
of age management dimensions included in the Code of Good Practice (Eurolink Age, 
2000) and in the Naegele and Walker's [2006]. Two new dimensions are featured: 
wage policy and well-being.  
Based on the previous discussion of actions and activities, it is evident that age 
management systems - even though they are implemented, among others, to improve 
competitiveness and flexibility of organizations coming to terms with the changes in 
the job market, to increase productivity or to facilitate the management of age-diverse 
workforce – tend to focus on the worker. Therefore, the type of work performed by 
workers is a relevant factor impacting on the type of actions taken by organizations as 
part of age management. For different actions should be taken for white-collar 
workers and different for blue-collar workers. Useful in this regard is ergonomics 
(reports on how ergonomic principles can be applied to workplace design can 
be found in Polak-Sopińska publications [Polak-Sopińska, Wiśniewski, 2010; 
Polak-Sopińska 2012, pp. 227-244; Polak-Sopińska, Górczyńska 2013, pp.136-159; 
Polak-Sopińska, Kucharska, 2014, pp. 141-172; Polak-Sopińska, 2019b, pp. 66-76] 
and by gerontechology21whose aim is to match technology supporting older people 
participation to their health, housing, mobility, communication, leisure, and work 
[Knauth, Karl, Braedel-Kühner, 2005, pp. 11-16]. Due to the constraints concerning 
the recommended length of the article, issues related to gerontechnology in age 
management will be discussed in another publication.  
21Gerontechnology is a branch of science addressing older persons' access to all goods, 
services, and infrastructure. Its aim is to promote older people's good health, full social 
participation and long, independent life. It also involves research, development, and 
design of products and service to improve the quality of life. Gerontotechnology is 
an interdisciplinary science combining gerontology and technology [Knauth, Karl, 
Braedel-Kühner, 2005, pp. 11-16], [Butlewski, 2018].  
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It is important to be mindful of the fact that redeployment carried out at the right 
moment in the course of an older worker's working life is a crucial point not only in 
age management systems but in occupational safety and health management systems 
in general, which also feature ergonomic activities. For there are many jobs which are 
excessively demanding for older workers but there are also jobs – such as work in 
special conditions – which should not be performed by the same worker throughout 
his/her entire employment. Redeploying the worker in another job with a reduced 
workload or less demanding, should be conducive to aging workers' good health, 
continued employment and job satisfaction, and should prevent their early exit. 
However, it needs to be accentuated that age management must not be looked upon 
as a policy of preferential treatment of older people, which would constitute a breach 
of discrimination, including age discrimination, regulations – but rather as a policy of 
providing equal opportunity to persons of different age. Actions aimed at boosting 
productivity will not be deemed discriminatory as long as the people at whom they 
are aimed have limited physical and/or cognitive ability (which are a natural 
consequence of aging) or have previously been subject to age discrimination by the 
employer e.g. in terms of access to training and advancement opportunities. In other 
words, so long as the support is provided based on the hardship a person experiences 
in the job market rather than on the person's age, there is no risk of discrimination.  
Furthermore, it is important that a point be made of the fact that actions addressing 
workers are the most effective when they are sustained and distributed over the course 
of the working life due to the prolonged effect that factors such as health promotion 
and disease prevention, education, training, long-life learning, and workstation 
furnishings and equipment have on the ability to work [Karppinen, Buschak, 2006; 
Polak-Sopińska, 2017, pp. 79-92]. What is important is the objective of age 
management – to sustain economic activity of persons at least until they reach their 
statutory retirement age and possibly longer [Liwiński, Sztanderska, 2010, p. 10]. 
Industrial ergonomics strives to achieve a similar aim. 
In considering actions taken in age management systems aimed at increasing 
employment participation of older persons, one needs to underscore the role that the 
individual ability to work shaped – according to the model developed by Finnish 
Institute of Occupational Health – FIOH, by many overlapping factors including 
education and skills, job demands, organizational factors, and finally, individual 
factors (physical capacity and fitness, health, attitude toward work) plays. Based on 
the model, the Work Ability Index (WAI) was developed, which is an instrument 
facilitating subjective assessment of the level of a person's ability, which is result of 
the interplay between a worker's ability and the demands of the workplace [Tuomi, 
Ilmarinen, Jahkola, et al., 1998; Pokorski, 1998]. According to Makowiec-Dąbrowska 
et al. [2008, pp. 9-24] the index is a good predictor of sustained economic activity, 
especially in such a contradictory situation where on the one hand in Poland, the most 
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frequent reason cited for early exit is deteriorating health, and on the other hand, the 
average life expectancy is rising suggesting at once that the health of the population 
is improving.  
Conclusions that can be drawn based on the index should be regarded as 
meaningful guidelines for occupational medicine practitioners and managers in 
charge of age management programs in organizations on further actions concerning 
workers' employment [Ilmarinen, 2006, pp. 362-364]. Results of many international 
studies reveal a relationship between the ability to work and the type of work. 
Congruent findings have also been made by Polish researchers studying both healthy 
and ailing workers. Among the factors that statistically significantly increase the risk 
of low values of the Work Ability Index are work-related stress, heavy manual work, 
strenuous body posture, fast-paced work environment, carrying/lifting heavy loads, 
heat stress in the workplace, shifts longer than 8 hours, night shifts, fatigue [Malińska, 
2007, pp. 16-20]. Results reported by [Camerino, Conway, et al., 2005], confirm the 
need to incorporate ergonomic methods and instruments in human resources 
management and in particular, in age management strategies.  
5. Ergonomic methods and tools in age management
Ergonomics is provided with a number of tools to support the process
of workplace adjustment to accommodate a range of different needs including those 
of the aging workforce. Based on the literature review, ergonomic methods and 
instruments were analyzed in terms of their fitness for age management strategy. The 
findings for the following eleven groups of methods are presented in Table 1 and 2: 
 checklists;
 research questionnaires;
 worksheets to assess musculoskeletal disorder risk (MSD) related to working
postures;
 worksheets to estimate the level of physical stress and MSD risk associated
with manual material handling in the workplace;
 somatographic data collection methods;
 estimation and analysis methods for the evaluation of the work process and
its effects;
 instruments to assess physical and functional capacity;
 tools to assess sensory function;
 monitoring physiological parameters at work task performance;
 old age simulators;
 Digital Human Model application software.
The most representative examples of each are provided.
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The literature review revealed that there are many ergonomic methods 
(of varying degree of complexity) which can be used as tools to support decision-
making strategies of organizations with regard to age management. Unfortunately, 
the findings made by the author, by researchers affiliated with the Nofer Institute 
of Occupational Medicine, the Central Institute for Labor Protection, and with 
many other research institutions in Poland [Korzeniowska, 2004, pp. 129-138; 
Hildt-Ciupińska, Bugajska, 2013, pp. 297-306] as well as the findings reported by 
the National Labor Inspectorate lead to the conclusion that the application of 
ergonomic methods and tools in the process of designing and adjusting jobs to 
accommodate the needs of age-diverse workforce in enterprises operating in 
Poland is still rather rare. Awareness related to ergonomics among top management 
of large enterprises especially in the automotive and assembly industries has been 
observed to be rising. For small and medium-sized enterprises cutting costs 
continues to take priority to the health and well-being of the worker. It is the 
author's opinion that in order to extend the duration of economic activity of older 
persons, it is necessary to develop a model for the incorporation of ergonomic 
methods in the management of age-diverse workforce that will be adequate for the 
realities of the Polish business environment. Before such a model is developed, 
the following research questions will have to be answered: 
1. Which ergonomic methods/tools are most often employed by certified
ergonomists in Poland and in the world, and why?
2. Which ergonomic methods/tools are recommended by Polish and international
research institutions, process engineers, designers, human resources specialists,
and why?
3. Which ergonomic methods/tools are most frequently used by small, medium,
and large enterprises in Poland, and why?
4. Which ergonomic methods/tools are preferred by OSH specialists, process
engineers, designers, human resources specialists, and why?
5. How familiar are Polish employers, OSH specialists, process engineers,
designers, human resources specialists with the presented methods?
6. To what extent do ergonomists determine the choice of ergonomic methods
and tools to be used?
7. To what extent are ergonomic methods used by specialists relevant to specific
risks in each industry?
8. In what ergonomic methods and tools are work organization; occupational
safety and health; product and job design specialists trained in Poland?
The author shall present answers to the above research questions in her future
publications.  
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6. Conclusion 
Work that is in line with ergonomic requirements may contribute to the 
prolongation of a healthy life of workers. Optimization of working conditions needs 
to be a sustained process. It does not only involve designing but also correcting that 
takes into account changes that take place in the organization, in its environment, and 
in the workstation. The process should ensure safe working conditions that make 
intellectual and social (including physical) development of the worker possible, and 
should be conducive for the worker to take action to improve productivity. This is 
how ergonomic requirements fit in with the overarching – from the vantage point of 
economical sciences – objective of the organization that is the maximization of profits 
[Rembiasz, Górny, 2015, pp. 115-126]. 
Ergonomic workplace design and ergonomic physical working environment 
brings tangible positive results for the workers (especially, older ones) and employers 
(decreased fatigue, increased productivity, reduced number of occupational diseases 
and work-related accidents), and that is the reason why it is imperative that 
ergonomics become an integral part of a comprehensive age management strategy in 
the organization.  
Based on the literature review, it has been proved that there are many ergonomic 
methods that can be applied in age management. In order to enhance the effectiveness 
of managing age-diverse workforce, it will be indispensable to develop a model of the 
incorporation of ergonomic methods in age management adequate to the realities of 
the Polish business environment which will require broader cooperation of employers, 
OSH services specialists, human resources, process engineers, production/assembly 
line workers, ergonomists, trade unions, and occupational medicine practitioners. 
Conceptualization of such a model shall be presented in future publications.  
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